Abstract: When an electronic component is powered heat will be developed which will in turn increases
I. Introduction
The effect of the heat developed is raising the temperature of the component mounted on PCB. Each component will have allowable temperature specified by the manufacturer crossing which will result into either malfunctioning of the component or permanent failure of the component. As the total reliability of the electronic enclosure is highly dictated by the component, a cooling mechanism is essentially required for an electronic enclosure. Compared to other modes of heat transfer, forced convection means will provide faster cooling rates. This work deals with designing a cooling scheme for an electronic enclosure of a RADAR in forced convection environment. In the whole exercise estimation of heat transfer coefficient is a tedious task as standard literature mentions about standard geometries like plate, cylinder etc but not about this kind complex geometries like enclosures with PCBs. An analytical method is established during this work in which an expression for heat transfer coefficient is derived. This expression will be validated with that of evaluated using commercial CFD software package. The outcome of this work would be an analytical method which any thermal designer can make use of as a hand calculator to quickly arrive at the cooling scheme with out depending on CFD software. The solid model of the electronic enclosure in assembled configuration is shown in Fig. 1 . 
IV. Thermal Design Of Housing Of The Electronic Enclosure
As mentioned earlier the maximum junction temperature of an electronic component positioned on a Printed Circuit Board (PCB) of the electronic enclosure should be limited to 100 0 C. Design of an enclosure is taken up in this work with a view to keep the temperature below 100 0 C. As a part of the design process selection of fan is also accomplished. Thermal design of this enclosure is done using an analytical method. This method brings out the methodology to obtain the maximum junction temperature of the electronic component. The cross section of the housing from air inlet point towards the last PCB (In air flow path) plays vital role in forced convection heat transfer. This cross section is nothing but the cross section of air duct. Two possible cross sections of air duct are shown in Fig. 3 . Generally in confined ducts (Originated due to obstructions by PCBs) same air inlet velocity will not be maintained as airflow progresses. Due to this maximum benefit cannot be gained from the specified mass flow rate of the cooling air. Especially this problem arises in rectangular ducts due to which the cross section of the duct will be tapered from inlet towards outlet so that loss of air velocity can be minimized due to convergent nozzle effect. Hence housing with tapered cross section at the bottom (Where the fan will be mounted) is preferred for the proposed design.
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The dimensions of the housing are worked out based on the PCB dimensions however keeping the dimensional constraints imposed by the user. The dimensional model of the housing is shown in Fig. 4 . 
The temperature rise can be determined from the convection relation Where Q: Heat Load of PCB A: Surface area h c : Heat transfer coefficient
Heat transfer coefficient has to be determined from the geometry of the air duct i.e. formed by the air space between the PCBs using following expression [2] .
Where J: Colburn factor C p : Specific heat of fluid G: Weight velocity flow through duct : Viscosity of the fluid K: Thermal conductivity of the fluid Colburn factor "J" can be expressed in terms of Reynold"s number (R e ) as follows.
Reynold"s number for the air duct formed by the PCBs can be expressed as follows. 
VI. Computational Fluid Dynamics (Cfd) Analysis
Geometry of the electronic enclosure is built up in 3-D CAD software [3] . All the subsystems like 5 PCBs and components are considered for modeling. Geometry model is converted into CFD model by discretizing the electronic enclosure, PCBs using linear three nodded triangular shell elements. Where as air surrounding the PCBs with in the enclosure are discretized using 4 nodded solid linear tetrahedron elements. CFD model of the electronic enclosure is shown in Fig. 5 . 0 C is applied.  An inlet fan is created in the FE mode with mass flow rate of 10 gm/Sec.  Vent (Opening for air exit to ambient) is defined on perforated holes provided on the cover.  Flow surfaces are defined on the front and rear faces of PCBs. The CFD model is solved for temperature distribution. In order to show that maximum temperature is developed on component on PCB the temperature distribution plot-discarding housing is shown in Fig. 6 .
Fig. 6. Temperature distribution of PCBs
The maximum junction temperature of component on PCB is observed to be 92.2 0 C.
VII. Results And Discussion
The maximum component temperature estimated using analytical method is compared with that of obtained from CFD in Table 2 . Table 2 Comparison of results
VIII. Conclusion
Maximum junction temperature estimated using analytical method is matching well with that of obtained using CFD. The degree of closeness established indicates the confidence of the analytical method. Based on this validation study this analytical method can be comfortably used as a digital calculator to quickly accomplish the thermal design task of electronic enclosures.
